Summary. The bactericidal and phagocytic activities of blood neutrophils suspended in uterine washings and the mobilization of neutrophils into the uterine lumen were studied in ovariectomized mares receiving oestradiol benzoate (N = 4), progesterone (N = 4) or oily vehicle (N = 4). Uterine lavage was performed sequentially up to 144 h after induction of endometritis by intrauterine infusion of glycogen (1%). There was no significant difference between the 3 groups in speed of mobilization of neutrophils into the uterus in the first 6 h after infusion but there were significantly more uterine luminal neutrophils in progesterone-treated than in oestradiol-treated mares by 24 h after infusion (P < 0\m=.\01). Uterine washings collected from progesterone-treated mares at 0, 24 and 144 h were significantly worse at promoting bactericidal activity by neutrophils than washings from oestradiol-treated and control mares (P < 0\m=.\001). In oestrogen\x=req-\ treated and control mares bactericidal activity had increased by 144 h but in progesterone-treated mares bactericidal activity remained low. Neither treatment nor time affected the ability of washings to opsonize yeast blastospores. Elevated concentrations of progesterone in plasma were therefore associated with decreased bactericidal activity of neutrophils suspended in uterine washings but the generation of C3b in washings did not appear to be affected by hormone treatment.
Introduction
Uterine infection in mares is one of the major causes of failure of conception (Bain, 1966) and the bacteria most commonly implicated in this subfertility are ß-haemolytic streptococci (Hughes & Loy, 1975) . In many species the uterus is more susceptible to uterine infection in the progesteronedominated luteal phase than in the oestrogen-dominated follicular phase of the oestrous cycle. This deficiency may relate to cellular factors within the uterus, such as mobilization of phagocytes and their efficiency at phagocytosis and intracellular killing, or to humoral factors which may be immunologically specific or non-specific.
The components in uterine secretions which promote bacterial killing have not been studied in detail. When present in sufficiently high concentrations, antibody directed against specific antigenic determinants on bacterial cell walls will opsonize the bacteria and aid phagocytosis by neutrophils (Stossel, 1974) . This process is greatly enhanced, however, by activation of the classical or alter¬ native complement pathways. Deposition of one of the components of the complement pathway, C3b, has been shown to be necessary for phagocytosis of Streptococcus zooepidemicus by equine neutrophils (Asbury et al, 1984) . Direct activation of the alternative pathway by S. zooepidemicus is suggested to be of little importance (Asbury et al, 1984) , although another group C strepto¬ coccus, S. equi, is known to be a potent activator of the alternative pathway of complement (Mukhtar & Timoney, 1985) . In the mare the clinical response to intrauterine infusion of bacteria was thought to be similar in oestrus and dioestrus (Peterson et al, 1969; Hughes & Loy, 1975) . More recent work has shown that infection persisted in progesterone-treated ovariectomized mares, suggesting an hormonal influence on the ability to eliminate bacteria from the uterus (Ganjam et al, 1982) . In cattle the ability of uterine secretions to promote bactericidal activity is reduced during the luteal phase of the oestrous cycle (Watson, 1985) . However, conflicting results have been obtained for mares when different methods have been used to assess phagocytosis and bactericidal activity of neutrophils suspended in uterine washings (Blue et al, 1982; Brown et al, 1985 (Anderson et a!, 1984; Watson, 1985) and mares (Watson et a!, 1987 Soothill & Harvey (1976) with minor modifications. Blood neutrophils were isolated as described by Watson et a! (1987) and 1 IO8 heat killed yeast blastospores/ml (0-2 ml) were added to 0-1 ml washing and 01 ml neutrophils (1 107/ml). Tubes were rolled for 45 min at 37°C and then centrifuged at 50 g for 5 min. The sediment was resuspended in saline (0-9% (w/v) NaCl, 1-5 ml) and a cytospin preparation was stained with Giemsa. The number of yeast blastospores ingested by 100 In all statistical analyses the effect of horse was not significant. Infusion of glycogen resulted in a large influx of neutrophils into the uterus by 24 h regardless of hormone treatment (Fig. 1) . Progesterone treatment significantly increased numbers of intrauterine neutrophils at 24 and 144 h after infusion compared with the other two groups. The number of neutrophils in washings collected at 1, 3 and 6 h after infusion of glycogen increased significantly with time (P < 001) but there was no significant difference among the three treatment groups in speed of mobilization of neutrophils into the uterine lumen (Table 1) (Fig. 2) . (Asbury et al, 1982) . Little is known of the process of opsonization of bacteria by factors present in uterine secretions, but since inactivation of complement in uterine secretions almost abolishes phagocytosis it would appear that deposition of C3b on the bacterial cell wall may have an import¬ ant role (Asbury et al, 1984) . In the present study phagoctyosis of yeast blastospores was used to assess changes in the deposition of C3 fragments in uterine secretions from mares treated with oestradiol or progesterone. In the absence of specific antibody, yeasts will activate complement via the alternative complement pathway (Soothill & Harvey, 1976) . It has been suggested, however, that in some cases antibody may be present which permits the classical pathway of complement to contribute to C3b generation (Turner et al, 1985) . In uterine washings the relative importance of this contribution remains to be determined. Impaired phagocytosis of yeast blastospores after opsonization with human serum has been used to detect defects in the alternative pathway of complement activation and deposition of C3 fragments (Soothill & Harvey, 1976; Turner et al, 1986) . Uterine washings were capable of significantly enhancing phagocytosis compared with PBS and C3b could therefore be generated in uterine secretions. Other workers have suggested that although 5. zooepidemicus did not seem to activate the alternative pathway of complement directly, this pathway is likely to play a role in opsonization of gram-negative bacteria (Asbury et al, 1984) .
The results of the present study showed that neither hormone treatment nor induction of acute endometritis affected the generation and deposition of complement fragments in washings on to yeast blastospores. This finding contrasted with results from cattle and rabbits; washings from luteal-phase animals contained a seromucoid component which inhibited phagocytosis of starch particles (Killingbeck & Lamming, 1963) .
The killing of bacteria by neutrophils in the presence of uterine washings collected before infu¬ sion of glycogen was high in oestrogen-treated and control mares but was significantly depressed in mares treated with progesterone. Brown et al (1985) used chemiluminescence to study bacterial phagocytosis and reported very low light emission when bacteria were opsonized with washings from uninfected mares in oestrus and dioestrus. This apparent contradiction may be due to the different techniques used to study opsonization. In the present study non-specific bactericidal substances present in washings may have contributed to the results.
After induction of acute endometritis, bacterial kill by neutrophils decreased markedly when suspended in washings from progesterone-treated mares and remained low until the end of the experiment when 2 of the 4 progesterone-treated mares succumbed to uterine infection. The failure to demonstrate any suppression of yeast phagocytosis by neutrophils suspended in washings from progesterone-treated mares would suggest that it is unlikely that factors present in washings had a direct effect on neutrophil phagocytosis. However, the uterine washings may have modified the bactericidal activity of neutrophils in addition to their role as bacterial opsonins.
In uterine washings from normal mares, IgG levels relative to total protein were apparently depressed during dioestrus (Widders et al, 1985) . The reduced availability of this immunoglobulin when plasma concentrations of progesterone were high may have contributed to the decreased opsonization by washings. Alternatively, the large numbers of neutrophils in washings from progesterone-treated mares may have caused breakdown of immunoglobulins by release of neutro¬ phil proteases (Waller, 1974) which would explain the significant negative correlation between numbers of neutrophils present in washings and opsonizing ability of the washings.
Uterine neutrophils may have a phagocytic function which is greater than or similar to that of blood neutrophils depending on the method of stimulating an acute endometritis (Targowski et al, 1985) . It is likely that uterine neutrophils collected in the presence of bacterial infection are already activated whereas the circulating neutrophils used in this study were presumably unstimulated at the time of collection. It would therefore be interesting to extend the present study to investigate the interaction between uterine neutrophils and washings.
Killing of bacteria by neutrophils was inversely related to the protein concentration of the opsonizing washing. However, when uterine fluids were diluted so that the protein concentration was equivalent in all samples, bacterial killing did not change significantly and remained signifi¬ cantly correlated with washings which were not corrected for protein concentration (n = 11; r = 0-688; < 002).
Previous work showed that only during dioestrus did uterine fluid from mares inhibit growth of Streptococcus zooepidemicus in the absence of neutrophils (Strzemienski et al, 1984) . In the present study there was little evidence of significant bacterial killing in the absence of neutrophils, but further work is needed to elucidate the role of bactericidal proteins in uterine washings from hormone-treated ovariectomized mares. Bactericidal proteins such as lactoferrin (Dixon & Gibbons, 1979) , lysozyme (Roberts et al, 1976) and peroxidase (Linford, 1974) have been isolated from uterine fluid of other species. Peroxidase has been measured in uterine washings from mares but was present in very low concentrations in uninfected uteri and was not correlated with stage of oestrous cycle (Blue et al, 1982) . In the present study the bacterial kill was inversely related to the number of neutrophils originally present in the washing. The increased concentrations of peroxi¬ dase which are associated with the presence of high numbers of neutrophils (Linford, 1974) must therefore have had a negligible effect on bacterial killing due to other overriding factors present in the progesterone-treated mares.
In the present study hormone treatment did not affect speed of mobilization of neutrophils in the first 6 h after infusion, although in other species high plasma concentrations of progesterone have been shown to delay intrauterine migration of neutrophils (Broome et al, 1960; Hawk et al, 1961) . Delayed neutrophil mobilization in the mare is therefore not the explanation of the increased susceptibility to infection in the progesterone-treated mares and, by 24 h after infusion, the progesterone-treated mares had significantly more uterine luminal neutrophils than did the other groups.
In conclusion, progesterone administration did not affect mobilization of neutrophils into the uterine lumen or the generation of C3b in uterine washings. However, the ability of washings to promote bactericidal activity by neutrophils was significantly reduced in these mares, which may be an important factor in increasing the susceptibility of dioestrous mares to intrauterine infection.
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